Abstract: This paper describes the optimization and validation of an analytical method for the determination of 83 13 pharmaceutically active compounds (PhACs) in aqueous samples using solid-phase extraction (SPE) followed by 
INTRODUCTION

28
Recent studies have demonstrated that a combination of the widespread use of pharmaceuticals 29 (PhACs) and their relative inefficient removal in wastewater treatment plants (WWTPs) leads to the 30 detection of low concentrations of these chemicals (sub-ppb levels) in most sewage-impacted aquatic 31 systems [1] [2] [3] [4] . The presence of pharmaceutically active compounds (PhACs) in the receiving waters is 32 concerning as it can represent a threat not only for humans through drinking water intake [5] [6] or 33 development of antibiotic-resistant bacteria [7] , but also for aquatic organisms [8] . At the same time, 34 chronic and acute toxicity caused by PhACs and other organic micro-contaminants is an open question.
35
Most recent studies have reported behavioral and physiologic alterations in aquatic organisms exposed to 36 sub-lethal concentrations of PhACs during short periods of time [9] [10] [11] . The occurrence of long-term 37 effects, however, is still widely unknown, as are the synergism and/or antagonism in toxicity of mixtures 38 and the role of secondary products that could be even more harmful than parent PhACs [12] . achieving similar recoveries (80%) than those for Oasis HLB cartridges [25, 26] . Lichrolut EN has been 54 successfully applied for extraction of aqueous samples at neutral pH but recoveries are poor (< 50%) for 55 some antibiotics [24, 26] . Oasis MCX cartridges are not effective [25] unless samples are acidified first,
56
showing an enhancement in recovery percentages between 20 and 40% for basic drugs such as 57 glibenclamide, trimethoprim and metronidazole [15] . Overall, some sorbents are better for specific 58 compound families such as penicillins, where an improvement of up 36% for amoxicillin can be observed 59 using Oasis MCX cartridges instead of other sorbents [24] . Psychiatric drugs like fluoxetine show 60 recoveries up to 100% when employing octadecylsilica cartridges [25] . Better recoveries, however, are 61 often achieved for the majority of tested analytes and conditions (water samples at acid and basic pH 62 values) using Oasis HLB cartridges, the most popular option when developing multiresidue methods [15] .
63
Regarding LC-MS analysis of PhACs, the most successful technique over the last decade has been the 64 triple quadrupole (QqQ) detector coupled either with high-or ultra-performance liquid chromatography 65 (HPLC/UPLC). This instrument can determine environmentally relevant concentrations (sub-ppb) of 66 organic trace substances such as PhACs via target analysis in multiple reaction monitoring mode (MRM) 67 [25, 27, 15] . However, with increasing sensitivity, high resolution mass spectrometry (HR-MS) 
76
In spite of a significant increase in the number of reports on the environmental distribution and 
140
were conditioned using 8 mL of methanol and 8 mL of water. Thereafter, the samples were passed 141 through the SPE columns at 2 mL min 
163
The MS system used the following settings: source temperature = 250ºC, probe temperature = 450 ºC, 164 cone gas flow = 20 mL min -1 , probe gas flow = 50 mL min -1 , nebulizer gas flow = 60 mL min was a decrease up to 15% in recoveries for tetracycline and albuterol at pH 2-3 and 7, respectively.
214
Recoveries stayed similar or were even lower for other compounds when EDTA was added. Two 215 examples are erythromycin and indomethacin, whose extraction efficiencies decreased between 46 and 216 62% (Fig 2 b to e) . At the end, addition of chelating agent, acid and neutral pH conditions and methanol 217 as elution solvent was not chosen to achieve higher recovery percentages for most of the PhACs. 
240
Specifically, we could measure a signal improvement >70% for ceftiofur and tetracycline (ESI +) when 241 using 10 mM of formic acid and ammonium formate buffer (pH 3.2) as aqueous phase, which ended up 242 being the most appropriate solvent (Fig 3a) . 
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( Fig.1a) and the Cadiz Bay (Fig.1b) .
506 507 508 509 510 Figure 2 . Optimized SPE parameters, a) pH 7 using 60 mg cartridge and elution using methanol; b) pH 7 511 using 500 mg cartridge and elution using methanol; c) pH 2 using 500 mg cartridge and elution using 512 methanol; d) pH 7 using 500 mg cartridge, adding 1g of EDTA and elution using methanol 1% formic 513 acid; e) pH 2 using 500 mg cartridge, adding 1g of EDTA and elution using methanol with 1% formic 514 acid .   515   516  517  518  519  520  521  522  523  524  525  526  527  528  529  530  531  532  533  534  535  536  537  538  539  540  541  542  543  544  545  546  547  548  549  550  551  552 553 554 
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